Introduction {#S0001}
============

The normal psychomotor development of a child is determined by a genetic programme that is, however, considerably modified by environmental influences \[[@CIT0001]--[@CIT0010]\]. The details of implementation of this programme are therefore liable to individual variation, for example with regard to the timeline of reaching consecutive developmental milestones or the individual sequences of motor skills acquisition. This individual ontogenetic path of development is closely related to the psychosomatic integrity of man. The development is most commonly described as a process of sensory integration and is reflected, among others, in the organisation of sensory inputs \[[@CIT0011]--[@CIT0017]\].

An especially convincing explanatory framework in this field is the theory of Jean Ayres, who presented a model of development of sensory integration (S-I). The process consists of four levels, with correlations including a marked association between the development of muscle tone and eyeball movement and coordination (S-I Level 1) and the sense of self-esteem, self-trust, and logical and abstract thinking (S-I Level 4) \[[@CIT0001], [@CIT0007], [@CIT0008]\].

Nervous system damage results in both quantitative and qualitative deviations from normal psychomotor development \[[@CIT0018]\]. This is when disturbances of integration processes become evident, initially as motor disturbances \[[@CIT0019]--[@CIT0025]\] but later also as disturbances in perception processes and behaviour \[[@CIT0026]--[@CIT0034]\]. Late sequelae of these disturbances may include visual perception disorders which not only affect the ability to read and write but also generally influence the child\'s intellectual development \[[@CIT0035]--[@CIT0038]\]. These disorders may adversely affect the process of concrete thinking and the development of directional and spatial orientation, causing specific difficulties in learning geography, geometry and foreign languages.

The most important disturbances of psycho motor development that adversely affect learning to read and write are disturbances of the development of postural reflexes in the neonatal period in the form of prolonged dominance of primitive reflexes with an accompanying delay or disturbance in the development of normal postural responses \[[@CIT0039]--[@CIT0047]\]. It is also now assumed that disturbances in the development of postural reflexes may impair higher cortical functions, in particular those related to education. However, they are viewed as signs of developmental coordination disorder (DCD) \[[@CIT0048]--[@CIT0050]\]. The DCD is commonly regarded as a developmental abnormality and has been classified under DSM-IVP (APA 1994) \[[@CIT0051]\]. Children with DCD demonstrate a diverse range of dysfunctions that can be classified into three areas of psychomotor development: gross motor skills, fine motor skills and pro-social behaviour. Gross motor skill disorder, presenting mainly as abnormalities of muscle tone and the development of postural responses, can be diagnosed in the early period of motor development. Such children show signs of central coordination disorder (CCD) already in the first months of life, which according to the diagnostic approach of Vojta indicates disturbed development of postural responses \[[@CIT0020], [@CIT0021]\]. Some of those children go on to develop signs of infantile cerebral palsy (ICP) later in life, and some exhibit an apparent regression of these symptoms that will manifest again in later life, most frequently as impaired manual skills and disturbances of the development of manual and graphic functions, as well as disturbances of the development of visuomotor coordination and, consequently, visual analysis and synthesis \[[@CIT0052]\]. Together, these abnormalities may contribute to dyslexia and disorders of lateralisation and visual perception and underlie learning difficulties and psychosocial problems \[[@CIT0053]--[@CIT0056]\]. This paper seeks to provide answers to the following questions:Does therapy of central coordination disorder in early life according to Vojta with elements of the SI and NDT/Bobath methods influence the level of development of visual perception later in life?Do the results of assessment of visual perception in adolescents with a history of early central coordination disorder treated according to Vojta with elements of the SI and NDT/Bobath method differ from those of their peers without developmental abnormalities in the neonatal period?

Material and methods {#S0002}
====================

The study involved 44 participants aged 15 and 16 years, including 19 (9 girls and 10 boys) diagnosed with moderate or severe CCD in the neonatal period, i.e. during the first 2-3 months of life, with diagnosed mild degree neonatal encephalopathy due to perinatal anoxia \[[@CIT0057], [@CIT0058]\] and 25 healthy people (12 girls and 13 boys) without a history of developmental psychomotor disturbances in the neonatal period. The first group was an experimental group (group A), and the second group (group B) was a control group. All members of the experimental group had received a diagnosis of CCD and subsequently undergone therapy according to Vojta with elements of the S-I and NDT methods until their psychomotor development returned to normal (after a mean of 10 months of therapy). In the period from the end of therapy to the time of the IQ test no therapy was applied. The assessment tool was a visual perception IQ test based on Raven\'s Matrices, and that comprised 96 graphic tasks to be completed in 50 min \[[@CIT0059]\]. Each task was based on logically matching one of 5 suggested items as the missing element of a picture.

Statistical analysis {#S20003}
--------------------

Statistical analysis to assess the results of the IQ test involved the χ2 test, Pearson\'s C, Student\'s *t* test, calculation of the discriminating power of the task (*r*~*d*~), task difficulty coefficient (*T*), and a structural index.

Results {#S0004}
=======

Assessment of the responses to the IQ test began by determining the natural distribution of the responses by analysing the best-fit curve. The fit of the empirical data with the normal distribution was verified with the chi-squared test. The best-fit curve results are given in [Tables I](#T0001){ref-type="table"} and [II](#T0002){ref-type="table"}. The best-fit curves are presented in [Figure 1](#F0001){ref-type="fig"}.
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###### 

Best-fit curve data for the experimental group (A)

  Class   Class interval   Centre of class interval *x*~*k0*~   Deviation from the centre *x*~*k*~ = *x*~*k0*~ -- *x*~*śr*~   Standardised result z = x~k~/s   *Y* value   Number        
  ------- ---------------- ------------------------------------ ------------------------------------------------------------- -------------------------------- ----------- -------- ---- ---------------------------------
  1       \[36-41\]        38.5                                 −40.61                                                        −2.69                            0.0107      0.08     1    
  2       \[42-47\]        44.5                                 −34.61                                                        −2.30                            0.0283      0.21     --   
  3       \[48-53\]        50.5                                 −28.61                                                        −1.90                            0.0656      0.50     1    
  4       \[54-59\]        56.5                                 −22.61                                                        −1.50                            0.1295      0.98     --   
  5       \[60-65\]        62.5                                 −16.61                                                        −1.10                            0.2178      1.65     1    χ^2^ = 26.014 \> 21.666~0.01;9~
  6       \[66-71\]        68.5                                 −10.61                                                        −0.70                            0.3122      2.36     2    *H* ~0~ rejected
  7       \[72-77\]        74.5                                 −4.61                                                         −0.31                            0.3802      2.88     1    
  8       \[78-83\]        80.5                                 1.39                                                          0.09                             0.3973      3.01     3    
  9       \[84-89\]        86.5                                 7.39                                                          0.49                             0.3538      2.68     3    
  10      \[90-95\]        92.5                                 13.39                                                         0.89                             0.2684      2.03     7    

###### 

Best-fit curve data for the control group (B)

  Class   Class interval   Centre of class interval *x*~*k0*~   Deviation from the centre *x*~*k*~ = *x*~*k0*~ -- *x*~*śr*~   Standardised result z = x~k~/s   *Y* value   Number       
  ------- ---------------- ------------------------------------ ------------------------------------------------------------- -------------------------------- ----------- -------- --- -------------------------------------
  1       \[36-41\]        38.5                                 −39.38                                                        −2.70                            0.0104      0.11     1   
  2       \[42-47\]        44.5                                 −33.38                                                        −2.29                            0.0290      0.30     1   
  3       \[48-53\]        50.5                                 −27.38                                                        −1.88                            0.0681      0.70     0   
  4       \[54-59\]        56.5                                 −21.38                                                        −1.47                            0.1354      1.39     0   
  5       \[60-65\]        62.5                                 −15.38                                                        −1.06                            0.2274      2.34     3   χ^2^ = 16.205 \> 15.987~0.10;~ ~10~
  6       \[66-71\]        68.5                                 −9.38                                                         −0.64                            0.3250      3.35     1   *H* ~0~ rejected
  7       \[72-77\]        74.5                                 −3.38                                                         −0.23                            0.3885      4.00     3   
  8       \[78-83\]        80.5                                 2.62                                                          0.18                             0.3925      4.04     5   
  9       \[84-89\]        86.5                                 8.62                                                          0.59                             0.3352      3.45     6   
  10      \[90-95\]        92.5                                 14.62                                                         1.00                             0.2419      2.49     4   
  11      \[96-101\]       98.5                                 20.62                                                         1.42                             0.1455      1.50     1   

The figure indicates that the IQ test turned out to be relatively easy for all participants as the curve peaks are shifted to the right relative to the axis of symmetry of the distribution and are different from one another. The null hypothesis (*H* ~0~) was rejected for both populations since the curves did not meet the criteria for a normal distribution (for the experimental group: χ2 = 26.014 \> χ2 ~0.01;~ ~9~ = 21.665; for the control group: χ2 = 16.205 \> χ2 ~0.10;~ ~10~ = 15.987). A comparison of the above correlations shows that only 1% of the experimental group did not differ from the normal distribution, compared to 10% of the control group. On this basis, it was assumed that the results of the IQ perception skills test concerned only the two study populations and could not be generalised.

An analysis of the statistical significance of the mean differences in results between the experimental and control groups using Student\'s *t* test (*t* = 0.266 \> *t* ~*0.80;*~ ~*42*~ = 0.255) led to the rejection of the null hypothesis at 80% confidence, which meant that 80% of the populations of both groups did not differ from one another. In order to analyse the discriminating power of the task, an index of the discriminating power *r* ~*d*~ was calculated. The results in [Table III](#T0003){ref-type="table"} show that the number of test tasks meeting the normal limit *r* ~*d*~ ≥ 0.2 was considerably higher for the participants in the experimental group. These re sults are shown in [Table III](#T0003){ref-type="table"}.

###### 

Discriminating power of tasks

  Index             Number of test tasks   Structure index   
  ----------------- ---------------------- ----------------- --------------------------------------
  *r* ~*d*~ ≥ 0.2   59                     46                1.88 \> 1.645~0,10~ *H* ~0~ rejected
  *N*               96                     96                

The significance of this difference was examined with the index of structure. Hypothesis *H*~0~ was rejected at the confidence level of *p* = 0.10. There were more discriminating tasks in the experimental vs. the control group (59 \> 46), which meant that the perception test tasks differentiated the experimental group to a greater extent.

The task difficulty index (*T*) showed with 80% confidence that there were more easy test tasks in the experimental vs. the control group (35 \> 25) ([Table IV](#T0004){ref-type="table"}). The number of very easy test tasks was higher in the control group than in the experimental group, which was ascertained with 70% confidence (55 \< 63). The above statements clearly show that the respective test profiles of the groups primarily depended on easy and very easy tasks of the visual perception test. This was also confirmed by the best-fit curve graphs. Since the best-fit curves ([Figure 1](#F0001){ref-type="fig"}) were similar to the normal curve, a characterisation of the perceptual abilities of the participants was attempted. These results are shown in [Table V](#T0005){ref-type="table"}.

###### 

Task difficulty

  Task             Intervals of difficulty index   Number of test tasks   Structure index   
  ---------------- ------------------------------- ---------------------- ----------------- --------------------------------------
  Very difficult   \[0--0.2)                       --                     --                --
  Difficult        \[0.2--0.4)                     --                     --                --
  Average          \[0.4--0.6)                     6                      8                 0.56 \< 0.674~0.50~ *H* ~0~ accepted
  Easy             \[0.6--0.8)                     35                     25                1.56 \> 1.282~0.20~ *H* ~0~ rejected
  Very easy        \[0.8--1.0\]                    55                     63                1.19 \> 1.036~0.30~ *H* ~0~ rejected
                   *N*                             96                     96                

###### 

Determination of participant skill level

  Skill level description   Scoring intervals   
  ------------------------- ------------------- -----------
  Very skilled              (94--96\]           (92--96\]
  Skilled                   (91--94\]           (90--92\]
  Average                   (71--91\]           (71--90\]
  Poor                      (67--71\]           (66--71\]
  Very poor                 (0--67\]            (0--66\]

For the analysis of significance of differences between particular perception skills in both the experimental and control groups, ranges were assumed based on the test results in the experimental group. The data are shown in [Table VI](#T0006){ref-type="table"}.

###### 

Significance of correlations between individual perceptual skills of the participants in both the experimental group (A) and the control group (B)

  Skill level description   Scoring intervals   Number of participants   χ^2^   Pearson\'s C                C~stand~   
  ------------------------- ------------------- ------------------------ ------ --------------------------- ---------- --------------------
  Very skilled              (94--96\]           1                        1                                             
  Skilled                   (91--94\]           2                        1                                             
  Average                   (71--91\]           11                       17     1.668 \< 1.704~0.79;~ ~4~   0.19       0.21
  Poor                      (67--71\]           2                        1                                             
  Very poor                 (0--67\]            3                        5      *H* ~0~ accepted                       Convergence steady
                            *N*                 19                       25                                            

Significance was verified with the χ2 test. The following figures were obtained: χ2 = 1.668 \< χ2 ~0.79;~ ~4~ = = 1.704. Thus the null hypothesis was accepted with almost 80% confidence. The fit between results was certain, estimated on the basis of the contingency measure (Pearson\'s C) and a model specifying the maximum values of Pearson\'s C for different degrees of freedom. This result was the same as that obtained in the analysis of significance of differences in means between the experimental and control group (*t* test statistic). The proportions of participants classified as very skilled, skilled, poor and very poor were balanced in both groups ([Table VI](#T0006){ref-type="table"}).

Discussion {#S0005}
==========

The role of visual perception in an individual\'s psychomotor development and the need to include this perceptual modality in the diagnostic work-up has been stressed by the authors of all currently popular diagnostic systems \[[@CIT0060]\]. These authors attach considerable importance in the diagnosis of central coordination disorder, among other factors, to assessment of the distribution of muscle tone, postural responsiveness and visuomotor coordination.

The theory positing a hierarchy of levels of sensory integration assumes a correlation between logical thinking (level IV) and proper development of muscle tone, development of reflex postural activity (level I), development of visuomotor coordination (level II), and development of the ability to identify shapes in space (level III) \[[@CIT0001], [@CIT0007], [@CIT0008]\]. It seemed very interesting to find out whether disturbed development of muscle tone and reflex postural activity in early life, typical features of CCD, would influence the development of visual perception as assessed in adolescence. It also appeared interesting to determine whether these results would differ from those achieved by adolescents of the same age without a history of developmental disorders.

Many studies have confirmed that the persistence of primitive postural reflexes beyond the sixth month of life and the absence of or delay in the development of proper postural responses are reliable indicators of neurological disorders that in turn can affect both motor and mental development. A study by Blythe (1979) of a group of 54 children with known dyslexia who underwent several standard neurological tests to assess any abnormalities of the development of postural responses showed that the persistence of primitive reflexes and absence of normal postural responses were significantly associated with signs of dyslexia in these children \[[@CIT0061], [@CIT0062]\].

A study by Wilkinson of 28 boys and 35 girls aged between 7.7 and 8.6 years from four different primary schools involved simultaneous assessment of the activity of primitive reflexes (using standard neurological tests), a wide range of motor abilities (Achievement Test) and the level of intelligence (Non-Reading Intelligence Test). The results showed that disturbed development of postural responses contributed significantly to problems at school and inadequate school achievement \[[@CIT0063]\]. In turn, a study by O\'Dell and Cook unequivocally confirmed that disturbed development of postural responses is a significant factor among children with dyslexia, attention deficit disorder (ADD) and attention deficit hyperactivity disorder (ADHD) \[[@CIT0064]\].

The results of the present study, however, showed that the proportions of participants classified as very skilled, skilled, poor and very poor were similar between the groups. These data mean that the level of visual perception in the adolescents with a history of CCD in the neonatal period was not different from that of their peers without a history of such disturbances.

It should doubtless be assumed that disturbances of early postural responses affect the acquisition and automatisation of more complex higher-order skills. Immature adaptive postural mecha nisms not only impair postural and motor development but also disturb the child\'s ability to express his or her intelligence in all tasks dependent on motor skills, such as reading and writing, which in turn are essential for all education. Their early signs, examples of which undoubtedly include disturbances of the development of reflexes and postural responses, can, however, be detected early enough (early detection) to allow early appropriate rehabilitation (early intervention) so that motor development can be normalised before disorganised development of other spheres occurs \[[@CIT0065]\]. It may be supposed that early institution of therapy according to Vojta (supplemented with elements of the NDT/Bobath and S-I methods), which aims primarily at normalising the development of muscle tone and postural responses, enabled the children with a history of moderate or severe CCD to achieve optimal developmental potential. The accomplishment of this goal is made possible through, most importantly, monitoring the diagnostic and therapeutic process, following established management procedures, and patient empowerment \[[@CIT0066], [@CIT0067]\].

Similar results have been published by Thiesen-Hutter, who demonstrated lack of differences in the domains of aggressiveness, fearfulness, shyness, neurotic tendencies, independence and maturity between 88 children rehabilitated according to Vojta and 88 matched healthy controls.

In conclusion, the integrity of results of the 15-year follow-up forms the basis for the following conclusions:Early therapy according to Vojta with elements of the S-I and NDT/Bobath methods in children with central coordination disorder affords a possibility of normalising their motor development and avoiding later consequences in the form of cognitive impairments.Adolescents with a history of CCD in the neonatal period who were rehabilitated according to Vojta\'s method with elements of the SI and NDT methods did not differ with regard to the level of visual perception from their peers who had not demonstrated psychomotor development disorders in the neonatal period.
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